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FLUORIDE ELECTROLYTES FOR SATURATED 
HYDROCARBON FUEL CELLS 

E . J .  Ca i rns  

General  E lec t r ic  Research Laboratory 
Schenectady, N e w  York 

INTRODUCTION 

The d i r e c t  e l ec t rochemica l  o x i d a t i o n  of s a t u r a t e d  hydrocarbons 
t o  carbon d iox ide  and water has been c a r r i e d  o u t  a t  c u r r e n t  d e n s i t i e s  
i n  t h e  v i c i n i t y  of 100 m a / c m 2  on ly  s i n c e  1963.1-8 
q u e n t l y  i n v e s t i g a t e d  e l e c t r o l y t e  i n  t h i s  connect ion has  been pho - 
phor i c  a c i d ,  p r i m a r i l y  i n  t h e  temperature  range 150' t o  200°C.1-8 
Although some s u c c e s s  has been obtained w i t h  low molecular-weight 
hydrocarbons a t  about 100°C, t h i s  wa t t h e  expense of  very high 
platinum load ings  i n  t h e  e l e c t r o d e s .  9 ~ 8  
t h a t  t he  system CSF-HF-H~O prov ides  e l e c t r o l y t e  compositions w i t h  
which c u r r e n t  d e n s i t i e s  i n  excess  of 200 ma/c an be ob ta ined  a t  
1 5 O o C ,  p a r t i c u l a r l y  with propane as t h e  f u e l .  8~16 
f l u o r i d e  e l e c t r o l y t e s  d i s c l o s e d  t h a t  t h e  HF-HzO system showed good 
r e a c t i v i t y  with a t u r a t e d  hydrocarbon f u e l s  a t  temperatures  i n  the  
range 80-110'C. A l l  normal s a t u r a t e d  hydrocarbons i n  t h e  range 
C 1  t o  c16 have shown r e a c t i v i t i e s  w i t h i n  a f a c t o r  of 20 t o  50 
one ano the r ,  bo th  with t h e  CsF-HF-H20 and HF-H20 e l e c t r o l y t e s .  

The most fre- 

I t  has been found r e c e n t l y  

F u r t h e r  work with 

nb 
Because of t h e  s t r o n g  e f f e c t  of e l e c t r o l y t e  composition on pro- 

pane performance a t  150°C,9,10 it w a s  decided t h a t  a more thorough 
i n v e s t i g a t i o n  of t h e  e f f e c t s  of e l e c t r o l y t e  composition and tempera- 
t u r e  on t h e  k i n e t i c s  of t h e  anodic o x i d a t i o n  of propane w a s  i n  o r d e r .  

EXPERIMENTAL 

I n  o r d e r  to  prevent  any contaminat ion of  t h e  e l e c t r o l y t e  o r  
e l e c t r o d e s ,  a l l  p o r t i o n s  of the appa ra tus  which con tac t ed  t h e  elec- 
t r o l y t e  were made of Te f lon  o r  plat inum. The c e l l  p a r t s  are shown 
i n  F igu re  1. The end p l a t e s  w e r e  Monel and d i d  no t  c o n t a c t  t h e  elec- 
t r o l y t e .  The gas  compartments machined i n  t h e  Teflon housing were 
3 mm deep and of 11.38 cm2 c i r c u l a r  a r e a .  The e l e c t r o d e s  used were 
Teflon-bonded plat inum b lack  supported by 45-mesh plat inum s c r e e n s ,  
which also se rved  as c u r r e n t  c o l l e c t o r s .  The plat inum b lack  loading 
f o r  t h e  e l e c t r o d e s  was u s u a l l y  50 mg/cm2, and the  e l e c t r o d e s  were 
prepared by procedures  very s i m i l a r  to  those i n  Reference 11. The 
c e n t e r  Teflon p i ece  i n  F igu re  1 se rved  a s  t h e  e l e c t r o l y t e  compartment, 
and u s u a l l y  a p i e c e  having a 3 mm th i ckness  w a s  used. The c e l l  p a r t s  
were held t o g e t h e r  t i g h t l y  by b o l t s ;  no g a s k e t s  were used s i n c e  t h e  
Teflon p a r t s  formed a l e a k - t i g h t  seal t o  one ano the r .  

The e l e c t r o l y t e  w a s  prepared from Baker and Adamson r eagen t  grade 
48% h y d r o f l u o r i c  a c i d ,  having less  than  20 ppm i m p u r i t i e s ;  from 
cesium f l u o r i d e ,  syn thes i zed  wi th  less than 100 ppm i m p u r i t i e s  by 
procedures  a l r eady  r e p o r t e d ;  12, l3 and from q u a r t z - r e d i s t i l l e d  water .  
To prepare e l e c t r o l y t e s  having f l u o r i d e  c o n c e n t r a t i o n s  h ighe r  than 
those  a c c e s s i b l e  with t h e  above r e a g e n t s ,  pure,  anhydrous HF w a s  
d i s t i l l e d  from a tank of Matheson anhydrous HF, 99.9% min. p u r i t y .  
E l e c t r o l y t e  composi t ions were determined by acid-base t i t r a t i o n s  f o r  
HF, and by a g r a v i m e t r i c  method f o r  C s  a s  Cs2SO4; water w a s  determined 
by d iEfe rence .  
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The Ease  used were el t ro ly t i c  grade oxygen, 99.646 minimum, 
and Matheson ins t rument  grade propane, 99.5% minimum p u r i t y .  For 
s h o r t  experiments i t  w a s  found t h a t  p re - sa tu ra t ion  of t h e  gases  w a s  
no t  necessary in o r d e r  t o  maintain t h e  electrolyte composition con- 
s t a n t .  When necessary ,  p r e s a t u r a t i o n  could be accomplished b y  thermo- 
s t a t t e d  water bubblers ,  in orde r  to reven t  p o s s i b l e  d e p o s i t i o n  of 
carbon on the  e l e c t r o d e  s u r f a c e .  1 4 9  

F igu re  2 shows a schematic  diagram of the  appara tus  i n  which 
t h e  ce l l  w a s  ope ra t ed .  The f u e l  feed  rate w a s  c o n t r o l l e d  v i a  a 
needle  va lve  and c a p i l l a r y - t u b e  flowmeter in t he  case  of gaseous 
f u e l s ,  and v i a  a c o n s t a n t  speed sy r inge  d r i v e  i n  t h e  case of l i q u i d  
f u e l s .  The f u e l  ce l l  and i d e n t i c a l  r e fe rence  ce l l  were opera ted  in 
a forced-convect ion air thermosta t .  The r e fe rence  c e l l  contained two 
high-area r e v e r s i b l e  hydrogen r e fe rence  e l e c t r o d e s  of Teflon-bonded 
p la t inum black .  The exi t  gas s t reams from t h e  ce l l  passed through 
t r a p s  ( to  s e p a r a t e  any l i q u i d  leav ing  t h e  c e l l )  and then t o  a gas 
chromatograph for a n a l y s i s ,  as desired. The electrolyte was c i r cu -  
lated slowly (about  2 t o  3 cc/min) through t h e  c e l l s  by g r a v i t y ,  
and then re turned  t o  t h e  r e s e r v o i r  by an a l l -Te f lon  pump. The elec- 
t r o l y t e  c i r c u l a t i o n  s y s t e m  w a s  kept  c losed  t o  minimize evapora t ion .  

The e l e c t r i c a l  c h a r a c t e r i s t i c s  of t h e  anode, the  ca thode ,  and 
the  c e l l  as a whole w e r e  m e  u red  wi th  t h e  a i d  of a modified 

p o t e n t i a l  readings  on a r e s i s t a n c e - f r e e  b a s i s ,  and a l l  p o t e n t i a l s  of 
i n d i v i d u a l  e l e c t r o d e s  are so r epor t ed  w i t h  r e s p e c t  t o  a r e v e r s i b l e  
hydrogen r e fe rence  e l e c t r o d e  i n  t h e  same e l e c t r o l y t e  and at  t h e  same 
temperature .  The c u r r e n t  dens i ty -vo l t age  d a t a  were taken a t  s t e a d y  
s t a t e  (usua l ly  2-5 minutes  a f t e r  a change i n  c u r r e n t )  and i n  the  
o r d e r  of i nc reas ing  c u r r e n t  d e n s i t y ,  s t a r t i n g  a t  open c i r c u i t .  Re-  
s u l t s  f o r  decreas ing  c u r r e n t  d e n s i t i e s  were t h e  same, except  a t  
c u r r e n t  d e n s i t i e s  below about 2 ma/cm2.  C e l l  vo l t ages ,  inc luding  
resist ive l o s s e s  can be c a l c u l a t e d  f rom t h e  r epor t ed  IR-free va lues  
(Ea-c) us ing  the  e x p r e s s i o n  

Kordesch-Marko i n t e r r u p t e r .  ”%, 9 l7 The i n t e r r u p t e r  c i r c u i t  y ie lded  

E = Ea-c - i p f  (1) 

where i is t h e  c u r r e n t  d e n s i t y  
p is t h e  s p e c i f i c  r e s i s t a n c e  of t he  e l e c t r o l y t e ,  1-2 Ohm-cm 
f is the i n t e r - e l e c t r o d e  d i s t a n c e ,  0.3 c m .  

Addi t iona l  in format ion  concerning t h e  experimental  appara tus  and 

The r e s u l t s  r e p o r t e d  below were ga thered  from a t o t a l  of over  

techniques  may be ob ta ined  from Reference 18. 

50 experiments us ing  more than  20 cells,  p r imar i ly  wi th  C3Hg as t h e  
f u e l .  

RESULTS AND DISCUSSION 

CSF-HF-H~O E l e c t r o l y t e s :  There are two independent composition 
The variables chosen t o  charac- variables i n  the  CSF-HF-HZO sys tem.  

terize t h e  composition were the  EF/(CsF + RF) molar r a t i o  (or, alter- 
n a t i v e l y ,  the F‘/Cs+ equ iva len t  r a t i o ) ,  and the  mole percent  H2O. The 
effects  of t h e  t w o  independent  composition v a r i a b l e s  on t he  ra te  of 
anodic  ox ida t ion  of  propane were s t u d i e d  by prepar ing  e l e c t r o l y t e s  of 
selected composi t ions and determining the  c u r r e n t  d e n s i t y - p o t e n t i a l  
r e l a t i o n s h i p  f o r  propane a t  va r ious  tempera tures ,  most f r equen t ly  a t  
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1 5 0 ° C .  

The Propane performance a t  an e l e c t r o l y t e  composi t ion near  t h e  
optimum f o r  1 5 O o C  is shown i n  F igu re  3. The maximum c u r r e n t  d e n s i t y  
t h a t  could be suppor t ed  under t h e s e  c o n d i t i o n s  w a s  400 m a / c m 2 ,  a t  an 
anode vs H a  r e f e r e n c e  p o t e n t i a l  of  0.6 v o l t .  
ope ra t ed  a t  1 5 O o C ,  t h e  b e s t  s t r a i g h t - l i n e  T a f e l  p l o t s  y i e lded  an 
un Value of 0.5 i n  t h e  c u r r e n t  d e n s i t y  range of 40 t o  250 ma/cm2. 
I n  t h e  c u r r e n t  d e n s i t y  range above 250 ma/cm2, t h e  anode performance 
cou ld  be improved by i n c r e a s i n g  t h e  propane f low r a t e ,  up t o  a 
c e r t a i n  p o i n t ,  i n d i c a t i n g  a gas-phase m a s s  t r a n s p o r t  l i m i t a t i o n ,  
r a t h e r  t han  a k i n e t i c a l l y  l i m i t e d  c u r r e n t  d e n s i t y .  

The most s t r i k i n g  r e l a t i o n s h i p  between e l e c t r o l y t e  composition 
and propane performance a t  1 5 O o C  was found i n  a set of experiments 
which included e l e c t r o l y t e s  c o n t a i n i n g  varying amounts of Cs2CO3 a s  
an a l t e r n a t i v e  t o  excess HF. The r e s u l t s  a r e  expressed i n  terms of 
t h e  c u r r e n t  d e n s i t y  a t  an anode v s  r e f e r e n c e  p o t e n t i a l  of 0 . 5  v o l t ,  
as a f u n c t i o n  of  t h e  F-/Cs+ r a t i o ,  as shown i n  F igu re  4 .  The water 
con ten t  w a s  no t  t h e  same f o r  a l l  of t h e  experiments of F igu re  4 ;  t h e  
e f f e c t  of t h i s  v a r i a b l e  w i l l  be accounted f o r  below. The d a t a  p o i n t s  
i n  F igu re  4 were ob ta ined  from s e v e r a l  c e l l s .  Each datum po in t  
r e p r e s e n t s  an average va lue  f o r  a l l  ce l l s  ope ra t ed  a t  t h a t  p a r t i c u -  
lar  F-/Cs+ r a t i o .  Note t h a t  t h e  break i n  t h e  curve i n  F igu re  4 is 
l o c a t e d  a t  an F-/Cs+ r a t i o  of about 1 . 2  r a t h e r  t han  1 . 0 .  
r a t i o  of 1 .0 ,  t h e  pH is st i l l  g r e a t e r  than 7 .  The pH does not drop 
below 7 u n t i l  t h e  F-/Cs+ r a t i o  exceeds about 1 . 2 .  The i n c r e a s e  of 
performance wi th  h ighe r  F-/Cs+ r a t i o s  is c o n s i s t e n t  with t h e  i d e a  
t h a t  an a c i d i c  e lec t ro ly te  is requ i r ed  f o r  r a p i d  o x i d a t i o n  of s a t u -  
r a t e d  hydrocarbons.  The maximum r a t e  of propane o x i d a t i o n  a t  
Ea-r = 0 .5  v o l t  w a s  400 ma/cm? nea r ly  2 o r d e r s  of magn ude g r e a t e r  
t han  t h a t  observed f o r  t h e  a l k a l i n e  system Cs2C03-H20. 

For  a l l  t h e  cells  

A t  a F-/Cs+ 

19 
I t  w a s  found t h a t  t h e  water c o n t e n t  of t h e  e l e c t r o l y t e  a l s o  has  

an i n f l u e n c e  on t h e  r a t e  of propane o x i d a t i o n ,  bu t  i ts e f f e c t  is much 
less than  t h a t  of t h e  HF/(CsF + HF) r a t i o .  The s e p a r a t i o n  of t h e  
e f f e c t s  of t h e  two composition v a r i a b l e s  on c e l l  performance was 
accomplished by an i t e r a t i v e  d a t a  r educ t ion  procedure r e q u i r i n g  a 
c o n s i d e r a b l e  number of d a t a  p o i n t s .  The va lue  of HF/CsF = 2.0 w a s  
chosen f o r  che p o i n t  a t  which t h e  e f f e c t  of water  c o n t e n t  a t  150°C 
would be determined,  s i n c e  t h i s  was i n  t h e  v i c i n i t y  of  t h e  b e s t  
performance. The d a t a  i n  t h e  range 1.8 < HF/CsF < 2 . 1  w e r e  normalized 
t o  HF/CsF = 2.0,  and t h e  e f f e c t  of water c o n t e n t  w a s  e s t a b l i s h e d .  The 
o r i g i n a l  d a t a  of F igu re  4 were then normalized t o  an optimum water 
c o n t e n t  of 1 2 . 5  mole pe rcen t  and were r e p l o t t e d  as shown by the  s o l i d  
l i n e i n  F igu re  5. The e f f e c t  of water  c o n t e n t  a t  150" is shown i n  
F igu re  6, f o r  two va lues  of t h e  anode v s  r e f e r e n c e  p o t e n t i a l .  

'The r e s u l t s  f o r  o t h e r  o p e r a t i n g  temperatures  were reduced i n  a 
s i m i l a r  manner, u s i n g  t h e  i t e r a t i v e  procedure.  The f i n a l  r e s u l t s  f o r  
t h e  e f f e c t  of e l e c t r o l y t e  composition on propane performance a t  
s e v e r a l  temperatures  a r e  shown i n  F igu res  7 and 8 .  Some of t h e  d a t a  
used were n o t  ga the red  a t  t h e  temperature  v a l u e s  s e l e c t e d  f o r  c o r r e l a -  
t i o n .  I n  t h e s e  cases,  t h e  c u r r e n t  d e n s i t i e s  were a d j u s t e d  t o  c o r r e -  
spond t o  t h e  d e s i r e d  temperature ,  using the observed e n t h a l p i e s  of 
a c t i v a t i o n .  These a d j u s t e d  d a t a  p o i n t s  are i n d i c a t e d  as e x t r a p o l a t e d  
i n  F igu res  7 and 8 .  

The r e s u l t s  i n  F igu res  7 and 8 show t h a t  f o r  any temperature i n  
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t he  range 90 t o  15OoC,  t h e  m a x i m u m  propane performance can be ob- 
t a ined  by using t h e  h i g h e s t  HF/(CsF + Iid r a t i o  p o s s i b l e ,  and a water 
con ten t  i n  t h e  range 12-15 mole pe rcen t .  In t h i s  way, c u r r e n t  
d e n s i t i e s  i n  excess of  400 ma/cm2 a t  Ea-r = 0 .5  v o l t  and 1 5 O o C  can 
be expected,  i n  t h e  absence of m a s s  t r a n s p o r t  l i m i t a t i o n s .  

I t  has been found t h a t  t h e  HF/CsF r a t i o  a t  any s e l e c t e d  
temperature  h a s  a m a x i m u m  p r a c t i c a l  l i m i t  set  by t h e  b o i l i n g  poin t  
of t he  e l e c t r o l y t e  under  the  c o n d i t i o n s  of ope ra t ion .  For in s t ance ,  
a b o i l i n g  point  of 16OoC w a s  ob ta ined  f o r  an e l e c t r o l y t e  having 10 
mole p e r c e n t  water  and a va lue  of 2 . 1  f o r  the  HF/CsF r a t i o .  This  
l i m i t s  t h e  ope ra t ing  temperature  a t  atmospheric p re s su re  to about 
150-155OC. A t  lower tempera tures ,  h igher  HF/CsF r a t i o s  are p o s s i b l e .  
For example, v a l u e s  of 3.0 and higher  may be obta ined  a t  110°C. 

The main v i r t u e  of t he  CsF is t h a t  of suppress ing  t h e  vapor 
p re s su re  of t he  HF by forming s t a b l e  complexes such as CsF-HF, 
CSF-~HF, e t c  . ,20 r a i s i n g  the  b o i l i n g  po in t  of t h e  e l e c t r o l y t e .  
Therefore ,  higher  o p e r a t i n g  temperatures  can be used wi th  a con- 
comi tan t  i nc rease  i n  c u r r e n t  d e n s i t i e s  f o r  the  o x i d a t i o n  of s a t u -  
r a t e d  hydrocarbons. A l k a l i  metal f l u o r i d e s  o t h e r  than  cesium 
f l u o r i d e  or rubidium f l u o r i d e  are not  s u i t a b l e  s u b s t i t u t e s  because 
t h e y  a r e  not s o l u b l e  enough and do not  reduce the  HF vapor pressure  
s u f f i c i e n t l y 2 1 t 2 2  t o  a l low s i g n i f i c a n t  performance improvements. 
C e s i u m  f l u o r i d e  was used  i n  t h i s  work because of its g r e a t e r  abundance 
and t h e r e f o r e  more f avorab le  economics. 

HF-HzO Electrolytes:  The  rate of e lec t rochemica l  ox ida t ion  of 
propane i n  the  HF-H20 s y s t e m  is a f f e c t e d  by the  composition of the  
e l e c t r o l y t e ,  and since there is only  one composition v a r i a b l e ,  the  
optimum composition for a given  temperature  is e a s i l y  e s t a b l i s h e d .  
The temperature  range ove r  which reasonable  r a t e s  of o x i d a t i o n  were 
obta ined  w a s  found t o  be from about 8 O o C  t o  the  b o i l i n g  p o i n t .  The 
HF-H20 system forms a m a x i m u m  b o i l i n g  azeotrope a t  37 mole percent  
HF, with  a b o i l i n g  p o i n t  of l12°C,23 thus  s e t t i n g  the  upper ope ra t ing  
temperature  at  about  110°C. 

The Tafe l  p l o t s  f o r  a propane ce l l  a t  105OC, us ing  a composition 
nea r  t h a t  of t h e  azeo t rope ,  a re  shown i n  F igure  9.  The performance 
a t  105OC is not  as high  as the  bes t  ob ta ined  a t  1 5 O o C  ( see  F igure  31, 
but  on ly  a moderate performance premium was paid for a 45°C decrease  
i n  ope ra t ing  tempera ture .  The m a x i m u m  c u r r e n t  d e n s i t y  observed 
(130 ma/cm2) w a s  s e t  by t h e  gas-phase d i f f u s i o n a l  r e s i s t a n c e  of the  
Te f lon  f i l m  on the  anode, as 'shown by the  f a c t  t h a t  h igher  maximum 
c u r r e n t  ' d e n s i t i e s  were observed when t h i n n e r  Teflon f i l m s  were used. 
The e f f e c t s  of both temperature  and H F - H 2 0  e l e c t r o l y t e  composition 
on cel l  performance a r e  summarized i n  F igure  10.  The d o t t e d  po r t ions  
of t h e  cu rves  i n d i c a t e  those  compositions which have a b o i l i n g  poin t  
below the  ind ica t ed  temperature and hence are only  a c c e s s i b l e  a t  
p r e s s u r e s  above a tmospher ic .  Since the  optimum composition (25-30 
mole pe rcen t  HF) is n o t  f a r  from t h a t  of t h e  azeot rope ,  i t  has  been 
found convenient t o  u s e  t he  azeotrope f o r  rou t ine  f u e l  ce l l  ope ra t ion .  

Entha lp ies  of Ac t iva t ion  and T a f e l  Slopes:  The en tha lpy  of 
a c t i v a t i o n  f o r  t h e  overal l  anode r e a c t i o n  w a s  ob ta ined  from a p l o t  of 
t h e  logar i thm of t h e  c u r r e n t  d e n s i t y  a t  a f ixed  anode overvol tage  
ve r sus  t h e  r e c i p r o c a l  of t h e  abso lu te  temperature .  The en tha lpy  of  
a c t i v a t i o n  was determined over  t h e  temperature  range 80 t o  170°C and 
ove r  t h e  composition range  from no added AF t o  pure HF. The r e s u l t s  
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a r e  shown i n  F igu re  11. I t  w a s  found t h a t  t h e  temperature  range had 
no e f f e c t  on the  en tha lpy  of  a c t i v a t i o n ,  but  t h a t  t h e r e  w a s  a sha rp  
t r a n s i t i o n  from a va lue  of 3 .7  k c a l  p e r  mole t o  18 k c a l  per  mole at 
a m/(CsF+HF) r a t i o  of about 0.66, which corresponds t o  CsF'2HF. The 
higher  en tha lpy  of  a c t i v a t i o n  i n d i c a t e s  t h a t  t h e  h i g h e s t  o p e r a t i n g  
temperature  p o s s i b l e  shou ld  be used,  bu t  only up to the  p o i n t  of 
being a b l e  t o  maintain a HF/(CsF+HF) r a t i o  above 0.66. 

The va luzs  of un ob ta ined  from t h e  T a f e l  p l o t s  ove r  t h e  tempera- 
Lure range 80 t o  170°C are summarized i n  F igu re  12.  The c losed  
P o i n t s  i n d i c a t e  those  d a t a  which were normalized with r e s p e c t  t o  
e l e c t r o l y t e  composition e f f e c t s .  A t  l o w  temperatures  (below 13OoC), 
t h e  T a f e l  p l o t s  u s u a l l y  showed two s t r a i g h t - l i n e  r e g i o n s ,  a low s l o p e  
( h i g h  an) a t  low c u r r e n t  d e n s i t i e s  (410 ma/cm2) and a high s l o p e  (low 
an) a t  high c u r r e n t  d e n s i t i e s  (>20 m a / c m 2 ) .  For temperatures  above 
140°C, only one T a f e l  s l o p e  w a s  observed, with a va lue  of  an near 
0 .5 .  

The composition e f f e c t  on T a f e l  s l o p e s  is shown f o r  va r ious  
temperatures i n  F igu re  13. A t  15OoC, € o r  e l e c t r o l y t e s  of low HF 
c o n t e n t ,  t h e  ' r a f e l  cu rve  shows two s l o p e s ,  which e v e n t u a l l y  y i e l d  t o  
a s i n g l e  s l o p e  of an X 0 . 5  a t  high HF c o n t e n t s .  For t h e  h ighe r  
HF/(CsF+HF) r a t i o s  a t  lower t empera tu res ,  however, t h e  two-sloped 
i'ar"e1 curve p e r s i s t s .  Only s l i g h t  changes of r a f e l  s l o p e  wi th  water 
c o n t e n t  have been observed.  I n  g e n e r a l ,  t he  b e s t  propane performance 
is a s s o c i a t e d  with compositions which show a high en tha lpy  of ac t iva -  
t i o n  and an va lues  of 0 . 5  and h i g h e r .  By s u i t a b l y  a d j u s t i n g  e l e c t r o -  
l y t e  compositions and t empera tu res ,  t h e  optimum performances shown i n  
F igu re  14 were ob ta ined .  'The 150°C curve w a s  ob ta ined  us ing  an e l e c -  
trolyte of the composition shown i n  F igu re  3. 

CONC LUS IONS 

The r e l a t i o n s h i p s  between t h e  r a t e  of t h e  e l e c t r o c h e m i c a l  oxida- 
t i o n  of propane on plat inum b lack  and e l ec t ro ly . ce  composition f o r  t he  
systems CsF-HF-H20 and HF-H20 have been e s t a b l i s h e d .  Maximum propane 
f u e l  c e l l  performance a t  a given temperature  i n  t h e  range 90 - 150°C 
is obtained wi th  t h e  maximum HF'/(CsF+HF) r a t i o ,  a t  an  optimum water 
conteni: of 12 t o  1 5  mole p e r c e n t ,  f o r  t h e  range KF/CsF = 2 .0  t o  3 . 0 .  
Operating temperatures  down to  80°C are f e a s i b l e  f o r  t h e  HF-H20 system, 
while  r e t a i n i n g  good propane performance. Power d e n s i t i e s  (on an 
IH-free b a s i s )  of 80 mil l iwat ts /cmz a t  150°C and 30 mill iwatts/cm2 a t  
105'C are p o s s i b l e  i n  optimum composi t ion f l u o r i d e  e l e c t r o l y t e s .  
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Figure 1. Photograph of c e l l  par t s .  

ELECTROLYTE 
RESERVOIR 

Figure 2 .  Schematic diagram of f u e l  c e l l  apparatus. Figure 2 .  Schematic diagram of f u e l  c e l l  apparatus. 
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Figure 3 .  Propane performance a t  15OoC using CsF'2.1 HF + 15 mole 
percent water a s  e l e c t r o l y t e .  
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Figure 7 .  

Figure 8 .  E f f e c t  of e l e c t r o l y t e  water content on propane per- 
f ormance f o r  various temperatures and HF contents .  
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Figure 9 .  Propane performance at 105'C w i t h  37 mole $ HF electrolyte. 
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Figure 10. Effect of HF-HzO electrolyte composition on propane per- 
formance a t  various temperatures. 
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Figure 11.  Effect of e l e c t r o l y t e  composition on enthalpy of 
a c t i v a t i o n  for propane oxidat ion.  
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Figure 12. E f f e c t  o f  temperature on values  of an obtained from 
T a f e l  p l o t s  of propane performance. 
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Figure 13. E f f e c t  of e l e c t r o l y t e  composition on value of an for 
various temperatures. 
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POWER DENSITIES FOR PROPANE CELLS 
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Figure 14. Propane performance at optimum electrolyte compositions 
for 150' and 105OC. 


